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A  COMPARISON  OF  THE  RATE  OF  DIFFUSION  OF 
CERTAIN  SUBSTANCES,  PART  I  CUL/iRLY  THE  FOOD 
MATERIALS,   ENZYMES,  AND  PRO-ENZTMES . 

It  is  recognized  that  there  is  a  great  differ- 
ence in  the  rate  at  which  different  materials  diffuse  through 
the  wall  of  the  alimentary  tract  into  the  blood  stream.  A 
salt  such  as  sodium  chloride,  for  example,  diffuses  very  rap- 
idly into  the  blood  from  the  alimentary  tract  while  magne- 
sium sulphate  scarcely  diffuses  at  all.     It  is  also  known 
that  the  rate  at  which  the  fatty  acids  are  absorbed  is  great- 
ly accelerated  by  the  presence  of  bile. 

The  present  investigation  deals  with  a  compari- 
son of  the  rate  at  which  several  different  materials,  prin- 
cipally foods,  are  absorbed  from  the  alimentary  tract  where 
diffusion  takes  place  through  a  living  membrane  with  the  rate 
at  which  these  substances  pass  through  a  dead  membrane  such 
as  a  collodion  membrane.      Such  a  comparison  is  made  with  ref- 
erence to  the  two  theories,  namely,  the  mechanical  and  secre- 
tory, which  are  used  in  physiology  in  explaining  the  way  in 
which  substances  pass  through  membranes. 

The  collodion  membrane  was  prepared  from  a 
62.8  per  cent  solution  of  collodion.      This  material  was 
poured  into  a  long  test  tube  which  was  then  inverted  and  al- 
lowed to  drain.      After  about  10  minutes,  the  membrane  was 
removed  from  the  test  tube  and  immersed  in  distilled  water 
where  it  was  allowed  to  remain  until  used.      All  the  mem- 
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branes  were  made  from  the  same  stock  solution  and  in  the  same 
manner  in  order  to  insure  uniform  thickness.      The  solution 
to  he  dialyzed  was  introduced  into  the  collodion  tube  and  tihis 
was  placed  in  a  vessel  of  distilled  water  unless  otherwise 
stated.      The  names  of  the  substances,  the  strength  of  the 
solutions,  and  the  time  of  dialysis  will  be  given  in  the  dis- 
cussion of  the  tables  containing  the  data. 

In  Fig.  1  is  shovm  the  rate  of  diffusion  of 
certain  monosaccharides,  disaccharides ,  polysaccharides,  and 
saccharin.    Five  grams  of  each  of  these  substances  were  intro- 
duced into  25  c.c,  of  distilled  water  and  these  were  intro- 
duced into  the  dialyzing  tubes  which  were  suspended  in  vessels 
containing  1  liter  of  distilled  water  each.      The  materials 
were  permitted  to  dialyze  for  30  minutes.      At  the  end  of 
this  time,  the  contentsof  the  diffusion  tube  were  introduced 
into  a  weighing  bottle  and  evaporated  to  constant  weight  at 

0 

a  temperature  of  about  95    C.        The  decrease  in  the  amount 
of  material  in  the  diffusion  tube  at  the  end  of  30  minutes 
was  taken  as  the  amount  which  had  dialyzed  and  is  indicated 
in  the  table  under  *grams  dialyzed**,  the  original  amount  be- 
ing given  under  "'grams  used**. 

It  may  be  seen  under  "average  percentage  dial- 
yzed" that  at  the  end  of  30  minutes  between  34+  and  37+  per 
cent  of  the  monosaccharides  had  dialyzed;    between  24 t  and  28 t 
per  cent  of  the  disaccharides;    31+  per  cent  of  raffinose; 
18+  per  cent  dextrin;  4+  per  cent  of  the  starch;  and  46  per 
cent  of  the  saccharin.      By  comparing  these  figures,  it  will 
be  seen  that  the  monosaccharides  diffused  more  rapidly  than 
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Experiment  Substance 

Grams 

Graras 

Percentage 

x.verage 

Used 

Dialyzed 

Dialyzei 

Percentage 

Dialyiied 

UtiJL.  uj.  woe 

5 

1.860 

37.2 

E. 

Dextrose 

5 

1 .875 

37.5 

37.3 

3. 

Dextrose 

5 

1 .845 

36.9 

4 

5 

1.765 

35.3 

5. 

Galac  tose 

5 

1.  795 

35.9 

35.7 

6. 

CfHlac  tose 

5 

1.  795 

35.9 

f  • 

TiPVul  osp 

SJ^  V  ^  -1-  v/  w  \j 

5 

1 . 730 

34.6 

8. 

Levulose 

5 

1 .  700 

34.0 

34.2 

9. 

Levulose 

5 

1.  705 

34.1 

10. 

MaT  to  sp 

5 

1.395 

27.9 

11. 

Hal tose 

5 

1 .415 

28.3 

28.3 

1£. 

Maltose 

5 

1.430 

28.6 

13. 

Sucrose 

5 

1.385 

27.7 

14. 

Sucrose 

5 

1 .375 

27.5 

27.  7 

15. 

Sucrose 

5 

1.380 

27.6 

16. 

Lac  tosp 

5 

1.220 

24.4 

17. 

Lac  tose 

5 

1.220 

24.4 

24.4 

18. 

Lactose 

5 

1.225 

24.5 

19, 

R?if  ±'1  nosp 

5 

1.595 

31.9 

20. 

Raff inose 

5 

1 .585 

31.7 

31.7 

21. 

Haf f inose 

5 

1.575 

31.5 

22 . 

Dextri  n 

5 

0.910 

18.2 

23. 

Dextrin 

5 

0.910 

18.2 

18.2 

24. 

Dextrin 

5 

0.915 

18.3 

25. 

Starch 

5 

0.210 

4.2 

26. 

Starch 

5 

0.230 

4.6 

4.4 

27. 

Starch 

5 

0.215 

4.3 

28. 

Saccharin 

5 

2.345 

46.9 

29. 

Saccharin 

5 

2.330 

46.6 

46.7 

30. 

Saccharin 

5 

2.335 

46.7 

1.     Table  showing  the  rate  of  diffusion  of  the 

substances  named  through  a 

collodion  membrane. 

the  disaccharides ;  the  disaccharides  more  rapidly  than  dextrin 
or  starch  and  that  saccharin  diffused  more  r^idly  than  any  of 
the  substances  used. 

In  Fig.  2  is  shovm  the  rate  of  diffusion  of 
phosphates,  carhonates,  chlorides,  sulphates,  citrates,  tartrates, 
and  acetates.     Five  grams  of  each  of  the  substances  were  now 
dissolved  in  25  c.c.  of  distilled  water  and  this  was  introduced 
into  a  dialyzing  tube  which  was  suspended  in  a  vessel  containing 
1  liter  of  distilled  water.     The  materials  were  allowed  to  dialyze 
for  30  minutes.     At  the  end  of  this  time  the  contents  of  the 
diffusion  tubes  v/ere  introduced  into  weighing  bottles  and  evaporat- 
ed to  constant  weight  at  a  temperature  of  about  95°C, 

It  may  be  seen  in  the  table  that  67  per  cent  of  the 
sodium  phosphate  had  diffused  in  30  minutes,  364-per  cent  of  the 
sodiian  diacid  phosphate,  end  76tper  cent  of  the  disodium  acid 
phosphate , 

By  comparing  these  figures,  it  may  be  seen  that  the 
introduction  of  one  hydrogen  atom  into  the  sodium  phosphate  mole- 
cule renders  it  more  diffusible,  while  the  introduction  of  two 
hydrogen  atoms  renders  the  molecule  much  less  diffusible.     The  rate 
of  diffusibility  of  these  phosphates  runs  roughly  parallel  with 
the      solubility  of  these  substances. 

The  object  of  the  experiments  to  be  described  nov/ 
is  to  compare  the  rate  of  diffusion  of  the  saline  cathartics. 
It  is  usually  regarded  that  the  cathartics  exert  their 
characteristic  action  by  retarding  absorption  or  v/ithdrav/ing 
water  from  the  blood  by  osm.osis  into  the  alimentary  tract  and 


Exper-         Substance  Grams  Grams  Percentage  Average 

iment  Used  Dial-      Dialyzed  Percent- 


yzed  age  Di- 

alvzed 


- 


1 

Sodium  phosphate 

5 

3.350 

67,0 

67, 0 

2 

Sodium  phosphate 

5 

3,340 

66 , 8 

3 

Sodium  phosphate 

5 

3 . 365 

67,3 

4 

Disodium  acid  phosphate 

5 

3,840 

76,8 

76,9 

5 

Disodium  acid  phosphate 

5 

3,845 

76,9 

6 

Disodiuin  acid  phosphate 

5 

3,845 

76 ,9 

7 

Sodium  diacid  phosphate 

5 

1,825 

36.5 

8 

Sodium  diacid  phosphate 

5 

1,850 

37,0 

36,6 

9 

Sodium  diacid  phosphate 

5 

1.820 

36 ,4 

10 

Magnesium  sulphate 

5 

2.140 

42,8 

42, 5 

11 

Magnesium  sulphate 

5 

2,120 

42,4 

12 

Magnesium  sulphate 

5 

2.120 

42,4 

13 

Sodium  sulphate 

5 

1.840 

36.8 

36,7 

14 

Sodium  sulphate 

5 

1.840 

35,8 

15 

Sodium  sulphate 

5 

-1      o  o  c 

1 . 825 

OD  ,  0 

16 

Sodium  potassium  tartrate 

5 

3,540 

70,8 

17 

Sodium  potassium  tartrate 

5 

3 . 540 

70 . 8 

70.8 

18 

Sodium  potassium  tartrate 

5 

3,  545 

70,9 

19 

Sodium  pyrophosphate 

5 

2,805 

56.1 

56,0 

20 

Sodium  pyrophosphate 

5 

2,815 

56,3 

21 

Sodium  pyrophosphate 

5 

2,785 

55 , 7 

22 

Potassium  diphosphate 

5 

2,520 

50,4 

50.3 

23 

Potassium  diphosphate 

5 

2,515 

50,3 

24 

Potassium  diphosphate 

5 

2,515 

50,3 

25 

Sodium  carbonate 

5 

2,865 

57.3 

26 

Sodium  carbonate 

5 

2.870 

57 ,4 

57 , 5 

27 

Sodium  carbonate 

5 

2,890 

57  ,8 

28 

Sodium  chloride 

5 

3.370 

67,4 

29 

Sodium  chloride 

5 

3,375 

67.5 

67. .5 

30 

Sodium  chloride 

5 

3,375 

67,5 

31 

Potassium  citrate 

5 

2.735 

54,7 

32 

Potassium  citrate 

6 

2.710 

54,2 

54,3 

33 

Potassium  citrate 

5 

g,700 

54,0 

34 

Sodium  citrate 

5 

2.310 

46,2 

35 

Sodium  citrate 

5 

2.310 

46,2 

46,2 

36 

Sodium  citrate 

5 

2,305 

46,1 
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Grfjns  Grams 

Percentage  ^iverage 

Experiment  Substance 

TTqo  rl 
U  oc  U. 

T^^  o  T  ^7  f7  a  A 
L'lci-Ly  Z  G  CL 

A  "V*                T'  Q  fy ,  ' 

Dialyzed 

37. 

liramonium  tartrate 

5 

2.485 

48.7 

38. 

Ammonium  tartrate 

5 

2.465 

49.3 

49.0 

39. 

Ammonium  tartrate 

r; 

2.450 

49.0 

40. 

Potassium  acetate 

5 

2.890 

57.8 

41. 

Potassium  acetate 

5 

2.685 

57.7 

57,7 

42. 

Potassium  acetate 

5 

2.885 

57.7 

43. 

Calcium  acetate 

5 

1.895 

37.9 

44. 

Calcium  acetate 

5 

1.890 

37.8 

37.8 

45. 

Calcium  acetate 

5 

1.890 

37.8 

46. 

Sodium  acetate 

5 

1.230 

24.6 

47. 

Sodiimi  acetate 

5 

1.259 

25.0 

25.0 

46. 

Sodium  acetate 

5 

1.275 

25.5 

Pig.  E.      Table  showing  the  rate  of  diffusion  of  the 

Eubfc:tances  used  through  a  collodion 

membrane . 

increasing  peristalsis.     The  three  most  active  saline  cathartics 
are  sodium  sulphate,  magnesium  sulphate,  and  sodiiAm  potassium  tar- 
trate.    Hence,  one  would  naturally  e:^ect  these  three  substances  to 
Toe  less  diffusible  than  the  other  saline  cathartics  which  are  not 
so  powerful  in  their  action. 

It  may  be  seen  in  the  chart  that  the  rate  at  which  mag- 
nesiiim  sulphate  and  sodium  sulphate  diffused  was  very  m.uch  the 
same,  being  42tper  cent  and  36-f-per  cent  respectively,  vrhile  the 
sodiwn  potassium  tartrate  diffused  much  more  rapidly,  70  per 
cent  having  diffused  in  30  minutes. 

It  may  be  seen  further  in  the  chart  that  sodium 
potassium  tartrate,  a  powerful  cathartic,  is  even  more  diffusible 
than  sodium  chloride  which  posserses  very  little,  if  any,  cathartic 
action.     As  a  matter  of  fact,  the  sodium  potassium  tartrate  was 
more  diffusible  than  any  of  the  other  salts  used  except  the 
disodium  acid  phosphate. 

It  is  known  that  v/hen  glycocoll  is  deaminized  a  hydroxy 
derivative  of  acetic  acid  is  formed  and  when  alanine  is  deaminized 
a  similar  derivative  of  propionic  acid  is  formed.    The  rate  of  dif- 
fusion of  solutions  containing  molecular  equivalents  of  these  tv;o 
acids  as  well  as  other  fatty  acids  was  determined.     Twenty-five  c.c, 
of  the  solution  of  each  acid  named  in  Fig.  3  were  introduced  into  a 
dialyzing  tube  and  permitted  to  dialyze  against  1  liter  of  distil- 
led water  for  30  minutes.     At  the  end  of  this  time,  1  c.c,  portion 

N 

was  titrated  against    10    standard  sodium  hydroxide  using 

phenolpht?ialein  as  the  indicator.    The  amounts  of  the  acids 

dialyzed  in  30  minutes  are  given  under  "grams  dialyzed"  in 
Fig,  3, 


Experiment  Substance 

Gram  s 
Used 

Grams  Percentage 
Dialyzed  Dialyzed 

Average 
Percentage 
Dialyzed 

1. 

/,cetic  acid 

5.00 

2.57 

ol .  4 

51 . 1 

2. 

Acetic  acid 

5.00 

2.54 

50.8 

3. 

Acetic  acid 

5.00 

2.56 

51.2 

4. 

Lactic  acid 

7.50 

3.525 

47.0 

5. 

Lactic  acid 

7.50 

3.600 

48.0 

6. 

Lactic  acid 

7.50 

3.637 

48.5 

7. 

Propionic  acid 

6.16 

2.790 

45,3 

45.3 

8. 

Propionic  acid 

6.16 

2.796 

45.4 

9. 

Propionic  acid 

6.16 

2.790 

45.3 

10. 

Butyric  acid 

7.33 

2.748 

37.5 

11. 

Butyric  acid 

7.33 

2.748 

37.5 

37.3 

12. 

.. 

Butyric  acid 

7.33 

2.712 

37.0 

Fig.  3.  'rable  showing  the  rate  of  diffusion  of  the 
organic  acids  named  through  a  collodion  membrane. 
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It  may  be  seen  from  the  chart  that  acetic  acid 
diffused  slightly  more  rapidly  than  propionic    acid  and  that 
butyric  acid  diffused  the  least  rapidly  of  all  the  organic 
acids  used. 

It  is  recognized  that  the  presence  of  bile  ac- 
celerates the  rate  of  absorption  of  fats  and  fatty  acids  from 
the  alimentary  tract.      In  Fig.  4,   it  may  be  seen  that  bile 
alone,  as  well  as  cream  alone,  dialyzed  through  the  collodion 
membrane  very  slowly,    while  cream  to  which  bile  was  added  di- 
alyzed rather  rapidly. 

In  the  preceding  experiments,  25  c.c.  of  bile 

which  had  been  taken  from  the  gall  bladders  of  yearling  calves 

were  introduced  into  the  dialyzing  tube  and  dialyzed  against 

1  liter  of  distilled  water  for  30  minutes.      At  the  end  of  this 

time,  the  contentsof  the  diffusion  tube  were  introduced  into  a 

weighing  bottle  and  evaporated  to  constant  weight  at  a  temper- 

o 

ature  of  about  95    C.  Twenty-five  c.c.  of  pure  cream,  and 

cream  containg  5  c,c.  and  10  c.c.  of  bile  respectively,  and 
bile  alone  were  introduced  into  dialyzing  tubes  which  were  sus- 
pended in  vessels  containing  1  liter  of  distilled  water  each. 
The  material  was  permitted  to  dialyze  for  30  minutes.     At  the 
end  of  this  time,  the  content  of  the  tube  was  removed  and  the 

1 

fat  content  of  each  was  determined  by  the  Babcock  cream  tester. 
Similarly,  it  may  be  seen  in  Fig,  5  that  the  presence  of  bile 
increased  the  rate  of  dialysis  of  the  two  fatty  acids,  oleic 
and  stearic. 

One  gram  of  each  of  the  acids  and  one  gram  of 
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i  Trn Ar i  mftnt  SubstarifiG 

S'f.t  Content  of 

cream 

Before 

lifter 

^:'er  centage 

.'iverage 

Dialysis 

Dialysis 

Dialyzed 

percentage 

iJ  JlCI      J      \j  \X  t 

1. 

Bile 

0 

0 

3.5 

2. 

Bile 

0 

0 

3.2 

3.3 

o  * 

Biie 

r\ 
U 

u 

4. 

Cream 

52.0 

48.5 

7.0 

5. 

C  re  am 

52.5 

49.0 

7.0 

6.9 

o  • 

.  u 

c>\J  .  V 

h  8 

7. 

Cream  +  1  c.c.bile 

54.0 

44.0 

18.5 

8. 

Cream  +  1  ccbile 

53.0 

39  .5 

25.6 

22.7 

9. 

Cream  +  1  c.c.bile 

54.5 

42.0 

23.0 

10. 

Cream  +  6  c  .chile 

52.0 

42.0 

19.2 

11. 

Creqm  +  5  c. chile 

54.0 

40.0 

25.9 

22.5 

12. 

Cream  +  5  c.c.hile 

52.5 

40.5 

22.4 

13. 

Cream  +10  c.c.hile 

49.0 

32.5 

33.2 

14. 

Cream  +10  c.c.hile 

49.0 

37.0 

24.4 

28.8 

15. 

Cream  +10  c.c.hile 

48.5 

34.5 

28.9 

Fig.  4.     Tahle  showing  the  rate  of  diffusion  of  hile  and 

cream  through  a  collodion 

membrane . 
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Experiment  Substance  G-rams      Percentage  Percent- 

Dialyzed      Dialyzed  age 

Increase 


1. 

1 

gra. Oleic  acid 

0.023 

2.3 

2. 

1 

gm. Oleic  acid 

0.026 

2.6 

3. 

1 

gm. Oleic  acid  + 

5  c.c.bile 

0.057 

5.7 

4. 

1 

gm. Oleic  acid  + 

5  c.c.bile 

0.053 

5.3 

129 

.1 

5. 

1 

gra. Stearic  acid 

0.035 

3.5 

6. 

1 

gra. Stearic  acid 

0.034 

3.4 

7. 

1 

gm. Stearic  acid 

+5  c.c.bile 

0.062 

6.2 

6. 

1 

gm. Stearic  acid 

+5  c.c.bile 

0.069 

6.y 

91 

.1 

Pig.  5.     Table  showing  the  effect  on  the  rate  of 
diffusion  of  the  addition  of  bile  to  oleic  and  stearic  acids. 
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the  acid  pl-us  5  c.c.  of  bile  were  introduced  into  25  c.c.  of 
distilled  water  and  this  was  permitted  to  dialyze  for  30  min- 
utes against  distilled  v/ater.     At  the  end  of  this  time,  the 
material  was  introduced  into  a  v/eighing  bottle,  dried,  and 
weighed. 

V/hen  glycerol  is  introduced  into  the  alimentary 
tract,  as  such,  or  when  it  results  from  the  digestion  of  fat, 
it  is  absorbed.     It  may  be  seen  in  Fig.  6that  glycerol  dial- 
yzed  through  the  collodion  tube  very  rapidly,  52  per  cent  hav- 
ing dialyzed  in  30  minutes.     It  may  be  seen  further  that  mon- 
oacetin,  a  glycerol  derivative  with  one  hydroxyl  group  re- 
placed by  one  acetic  acid  radicle,  diffused  less  rapidly  than 
the  glycerol,  and  the  triacetin,  a  glycerol  derivative  with 
three  hydroxyl  groups  replaced  by  acetic  acid  radicles  dif- 
fused still  more  slowly. 

In  these  experiments  5  grams  of  glycerol  were 

added  to  25  c.c.  of  distilled  water  which  was  introduced  into 

the  diffusion  tube  and  permitted  to  dialyze  against  distilled 

water  for  30  minutes.     At  the  end  of  this  time,  the  contents 

of  the  diffusion  tube  were  removed  and  the  percentage  of  gly- 

2 

cerol  determined  by  means  of  the  ref ractometer  . 

One  and  twenty-five  one  hundredth  grams  of  monoa- 
cetin  were  added  to  25  c.c.  of  distilled  water  and  this  was 
introduced  into  the  dialyzing  tube  which  was  suspended  in  a 
vessel  containing  1  liter  of  distilled  water.     The  material 
was  permitted  to  dialyze  for  30  minutes.     At  the  end  of  this 
time,  the  contents  of  the  diffusion  tube  were  introduced  into  a 
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Experiraent    Substance        Grams    Grams        Percentage  Average 

Used    Dialyzed    Dialyzed  Percentage 

Dialyzed 


1 

Glycerol 

D  ,  U 

O    KQ  R 

K 1  Q 

z 

Glycerol 

0  ,  U 

KO  A 

.  U 

3 

Glycerol 

5.0 

2.580 

51.6 

4 

Monoac  et in 

U   0  <t  / 

/I  Q 

5 

Monoacetin 

n    P;  T  o 
U  ,  0  Ic 

/t  1  r\ 
41 ,  U 

6 

Monoac et in 

1.25 

0.532 

42.6 

X  «.  U  J. 

w  .  "J  <j  «j 

8 

Diacetin 

1.641 

0..576 

35.1 

34.5 

9 

Diacetin 

1.641 

0.568 

34,6 

10 

Triacetin 

2.033 

0.252 

12.4 

11 

Triacet in 

^.033 

0.246 

12.1 

12.1 

12 

Triacetin 

2.  033 

0.243 

11.9 

Fig.  6.  Table  showing  the  rate  of  diffusion  of  acetins  and 
glycerol  through  a  collodion  membrane. 
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weighing  bottle  and  evaporated  to  constant  weight  at  a  temper- 

0 

ature  of  about  95    C,        Molecular  equivalent  solutions  were 
made  of  diacetin  and  triacetin  and  the  method  of  procedure 
was  the  same  as  for  monoacetin. 

During  the  process  of  digestion  in  the  small  in- 
testine, it  is  known  that  a  certain  ajnount  of  soaps  are  formed 
and  absorbed.       The  object  of  the  experiments  about  to  be  de- 
scribed was  to  compare  the  rate  of  diffusion  through  the  col- 
lodion    membrane  of  the  sodium  soaps  of  butyric,  succinic, 
oleic,  and  palmitic  acids.        Two  grams  of  each  of  these  soaps 
were  added  to  25  c.c,  of  distilled  water  and  this  was  intro- 
duced into  dialyzing  tubes  and  permitted  to  dialyze  against 
distilled  water  for  30  minutes.      The  contents  of  the  tubes 
were  then  transferred  to  weighing  bottles,  dried,  and  weighed. 
The  weights  of  the  dried  materials  are  given  in  Fig.  7, 

It  may  be  seen  that  52    per  cent  of  sodium  bu- 
tyrate  dialyzed  in  30  minutes,  35    per  cent  sodium  succinate, 
16    per  cent  sodium  oleate,  and  9    per  cent  sodium  palmitate. 
By.  comparing  the  rate  of  diffusion  of  sodium  soaps  of  oleic 
and  palmitic  acids,  the  two  acids  found  in  ordinary  fats,  it 
may  be  seen  that  the  sodium  oleate  diffused  about  80  per  cent 
more  rapidly  than  sodium  palmitate.      This  diffusion  can  not 
be  due  to  a  difference  in  their  solubility,  as  both  were  in 
solution. 

These  experiments  suggest  that  sodium  oleate  may 
be  absorbed  more  rapidly  from  the  alimentary  tract  than  sodium 
palmitate. 
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Experiment  Substance  Grams      Grams    Percentage  Average 

Used    Dialyzed    Dialyzed  Percent- 
age Di- 


1 

Sodium  butyrate 

2.0 

1.050 

52.5 

2 

Sodium  butyrate 

2.0 

1.060 

53  ..0 

52,7 

3 

Sodium  succinate 

2,0 

0  .  /OO 

OO  .  0 

4 

Sodium  succinate 

2.0 

0.716 

35.8 

36.1 

5 

Sodium  oleate 

2.0 

0.334 

16,7 

6 

Sodium  oleate 

2,0 

0.336 

16.8 

16,.7 

7 

Sodium  palmitate 

2^0 

0.174 

8,7 

8 

Sodium  palmitate 

2.0 

0..198 

9,9 

9,3 

Fig,  7.  Table  showing  the  rate  of  diffusion  of  soaps  through 
a  collodion  membrane. 
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In  Fig.  8  is  shov/n  the  rate  of  diffusion  of  gly- 
cerol.    The  figures  along  the  abscissae  indicate  time  in  min- 
utes, and  the  figures  along  the  ordinate,  percentage  of  gly- 
cerol dialyzed. 

It  may  be  seen  that  50    per  cent  of  the  glycerol 
dialyzed  in  30  minutes  and  that  88.9  per  cent  had  dialyzed  in 
80  minutes.      By  comparing  the  rate  of  diffusion  of  the  sodium 
salts  of  palmitic  and  oleic  acids  in  Fig.  7  with  that  of  gly- 
cerol in  Fig.  8,  it  will  be  seen  that  glycerol  diffused  much 
more  rapidly  than  these  soaps. 

Five  grams  of  glycerol  were  added  to  25  c.c.  of 
distilled  water  and  this  was  introduced  into  a  dialyzing  tube 
which  was  suspended  in  a  vessel  containing  1  liter  of  distilled 
water.      At  intervals  of  ten  minutes,  the  amount  of  glycerol 
in  the  dialyzing  tube  was  determined  by  means  of  the  refrac- 
tometer. 

In  Fig,  9  it  is  shown  that  the  amino  acid,  gly- 
cocoll,  diffuses  more  rapidly  than  alanine,  and  that  aminoids 
diffuse  more  rapidly  than  peptone.  It  may  be  seen  further  in 
the  chart  that  urea  was  much  more  diffusible  than  either  of 
the  amino  acids.  Witte's  peptone  was  used  in  these  experi- 
ments and  commercially  prepared  aminoids  containing  11.98  per 
cent  nitrogen  of  which  8.9  per  cent  was  amino  nitrogen. 

Five  grams  of  each  of  these  substances  were  dis- 
solved in  25  c.c.  of  distilled  water  and  dialyzed  for  30  min- 
utes, evaporated  to  dryness,  and  weighed. 

In  Fig,  10  is  shown  the  effect  of  dialysis  on  the 
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80.5, 

88.9^ 

T4.0 

61.3 

50.8, 

Z6.3 
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60 


70 


20  30  40  50 

TIME   IN  MINUTES 
FIG.  8        Curve  showing  the  rate  of  diffusion  of  glycerol 
through  a  collodion  membrane. 
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Experiment      Substance    Grams      Grams        Percentage  Average 

Used      Dialyzed    Dialyzed  Percentage 

Dialyzed 


1 

Urea 

5 

4.000 

80 .0 

2 

Urea 

5 

3.995 

79.9 

79.9 

3 

Urea 

5 

3,990 

79.8 

4 

Glycocoll 

5 

2.640 

52.8 

5 

Glycocoll 

5 

2.635 

52.7 

52.6 

6 

Glycocoll 

5 

2.615 

52.3 

7i 

Alanine 

5. 

1.975 

39.5 

a 

Alanine 

5 

1.970 

39.4 

39.3 

9 

Alanine 

5 

1.950 

39.0 

10 

Aminoids 

5 

1.240 

24.6 

11 

Aminoids 

5 

1.290 

25.8 

25.2 

12 

Aminoids 

5 

1.265 

25.3 

13 

Peptone 

5 

0.880 

17.6 

14 

Peptone 

5 

0.890 

17.8 

17.9 

15 

Peptone 

5 

0.910 

18.2 

Fig,  9.  Table  showing  rate  of  diffusion  of  urea,  glycocoll, 
alanine,  aminoids,  and  peptone  through  a  collodion  membrane. 


ptyalin  in  hiAinan  saliva.     Twenty  c.c.  of  saliva  were  introduced 
into  dialyzing  tubes  and  dialyzed  against  1  liter  of  Ringer's 
solution  for  48  hours  in  an  ice  chest.     At  the  end  of  this  time 
the  diastatic  power  of  the  dialyzed  saliva,  as  well  as  the  non- 
dialyzed  or  control,  was  determined.     In  all  cases  of  the  enzyme 
experiments  to  equalize  any  differences  in  volume  of  the  solu- 
tion in  the  dialyzing  tuhe ,  the  contents  of  the  tubes  were  diluted 
to  an  equal  volume  before  the  comparative  tests  were  made.  The 
amount  of  sugar  foiTied  in  5  minutes  from  the  starch  paste  by  1  c.c. 
of  the  saliva  was  taken  as  a  measure  of  the  activity  of  the  enzyme. 
The  starch  paste  was  made  by  adding  20  gram.s  of  corn  starch  to  500 
c.c.  of  distilled  v;ater.     The  mixture  was  allo;ved  to  boil  continuous 
ly  for  20  minutes  and  then  made  up  to  500  c.c.  with  distilled 
water.     Ten  c.c.  of  the  paste  were  introduced  into  each  of  a  series 
of  long  test  tubes,  and  these  were  placed  in  a  water  bath  at  38°C. 
One  c.c.   of  the  saliva  v/as  poured  into  the  paste  and  the  tube 
allowed  to  remain  in  the  water  bath  for  5  minutes,  when  it  was 
run  through  a  free  flame  and  the  contents  brought  to  boiling  in 
about  30  seconds,  thereby  stopping  all  action  of  the  enzym.e.  The 
amount  of  sugar  in  10  c.c.  of  this  solution  was  determined 
according  to  the  method  of  Pavy*^.     The  results  are  given  in  Fig.  10. 
It  mAy  be  seen  that  the  strength  of  the  ptyalin  was  decreased  by 
dialysis,  which  probably  was  due  to  a  destruction  rather  than  a 
dialyzing  of  the  enzyme,  since  the  liquid  outside  the  dialyzing 
tube  possessed  no  diastatic  activity,  or  the  decrease  in  diastatic 
activity  may  have  been  due  to  the  inactivation  of  the  enzyme  by 
the  membrane.    Porter"^  has  shov/n  that  collodion  membranes  have  the 
power  of  inactivating  enzymes. 

In  Fig.  11    is  shown  a  com.parison  of  the  rate  of 
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diffusion  of  pepsin,  pepsinogen,  trypsin,  and  trypsinogen.  The 
pepsin  and  pepsinogen  were  obtained  from  the  stomachs  of  dogs 
according  to  the  method  of  langley  and  Sdkin^ .       After  remov- 
ing the  stomachs  of  these  animals,  slitting  them  open  and 
washing  with  tap  water,  they  were  immersed  in  a  1  per  cent  so- 
dium bicarbonate    solution  for  one  minute  to  remove  any  pepsin 
adhering.     The  stomachs  were  again  washed  with  tap  water  and 
rinsed  with  distilled  water.      The  mucosa  was  torn  off  and 
ground  with  sand  in  a  mortar.      Approximately  200  c.c.  of  0.7 
per  cent  solution  of  sodium  chloride  were  added  to  the  finely 
ground  mucosa.      The  liquid  which  was  pressed  out  of  this  ma- 
terial was  centrifugalized  and  filtered  through  three  thick- 
nesses of  fine-grained  filter  paper  by  means  of  a  vacuum  pump. 
A  moderately  clear  solution  was  thus  obtained  which  was  di- 
vided into  two  portions  of  100  c.c.  each.      To  one  portion 
was  added  1  c.c.  of  a  37  per  cent  solution  of  hydrochloric 
acid  while  the  material  was  being  shaken  vigorously.  This 
was  the  pepsin  solution  used.    Dilutions  of  1:0,  1:1,  1:2, and 
1:3  were  made  with  0.9  per  cent  sodium  chloride.      Twenty  c.c. 
of  each  of  these  solutions  were  introduced  into  dialyzing 
tubes  and  dialyzed  in  an  ice  chest  against  2  liters  of  Ringer's 
solution  for  48  hours.      Similarly,  the  diluted  pepsin  solu- 
tions were  dialyzed  against  0.37  per  cent  hydrochloric  acid 
and  0.37  per  cent  hydrochloric  acid  made  with  Ringer's  solu- 
tion.     At  the  end  of  48  hours,  the  proteolytic  activity  of 
the  dialyzed  pepsin  solutions  was  determined  according  to  the 
method  of  Mett^'    ,  A  Mett's  tube  was  introduced  into  3  c.c. 

of  the  liquid  and  digestion  was  permitted  to  proceed  for  48 


hours  at  37°G.      The  preservative  used  in  these  experiments 
was  thymol.      At  the  end  of  the  48  hours,  the  tubes  were  re- 
moved and  the  amount  of  egg  white  digested  was  measured.  The 
measurements  are  given  in  Fig.  11. 

It  may  be  seen  that  pepsin  dialyzed  as  indicated 
by  the  fact  that  the  activity  of  this  enzyme  was  less  after 
dialysis  than  before  and  also  by  the  fact  that  the  solution 
outside  the  dialyzing  tube  contained  pepsin. 

The  100  c.c.  of  pepsinogen  solution  made  from 
the  gastric  mucosa  of  the  dog  and  freed  from  hydrochloric 
acid  and  pepsin  by  means  of  1  per  cent  sodium  bicarbonate 
was  the  pepsinogen  solution  used.,      Dilutions  of  1:0,  1:1, 
1:2,  and  1:3  were  made  with  0.9  per  cent  sodium  chloride. 
Twenty  c.c.  of  these  solutions  were  dialyzed  against  2  liters 
of  Ringer's  solution  for  48  hours  in  the  ice  chest.     The  pep- 
sinogen was  activated  by  the  use  of  hydrochloric  acid.  The 
proteolytic  activity  of  the  solution  was  determined  in  the 
same  way  as  was  the  pepsin. 

It  may  be  seen  in  the  table  that  the  pepsinogen 
did  not  dialyze.     It  may  be  seen  also  from  the  figure  that 
trypsin  as  well  as  trypsinogen  dialyzed  but  that  trypsinogen 
dialyzed  more  rapidly  than  did  trypsin. 

Pancreatic  juice  was  the  trypsinogen  solution 

used.    The  pancreatic  juice  to  which  enterokinase  had  been 

added  was  the  trypsin  solution.     The  juice  was  obtained  ac- 

7 

cording  to  the  method  of  Starling  .  The  proteolytic  activity 
of  this  juice  was  tested  by  the  use  of  Mett's  tubes.  Twenty 
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c.c.  of  trypsin  as  well  as  20  c.c.  of  trypsinogen  were  di- 
alyzed  against  2  liters  of  Ringer's  solution  for  48  hours. 
The  preservative  used  was  thymol. 

In  Fig.  13  is  shown  the  effect  of  dialysis  on 
catalase.     The  catalase  solution  used  was  the  defibrinated 
blood  of  a  rabbit  which  was  diluted  1:6  with  0.9  per  cent 
sodium  chloride.      Ten  c.c.  of  this  blood  were  dialyzed  in 
an  ice  chest  against  3  liters  of  0.9  per  cent  sodium  chlor- 
ide for  48  hours.     The  catalytic  activity  was  determined  be- 
fore as  well  as  after  dialysis.      The  determinations  were 
made  by  adding  0.5  c.c.  of  the  blood  to  neutral  hydrogen  per- 
oxide at  approximately  22°C.   in  a  bottle,  and  the  amount  of 
gas  liberated  in  10  minutes  was  taken  as  a  measure  of  the 
amount  of  catalase  in  the  0.5  c.c.  of  the  blood.     The  results 
of  these  determinations  are  given  in  Fig.  13.     It  will  be  seen 
that  catalase  did  not  dialyze  through  the  collodion  membrane. 
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Experiraent 

Enzyme 

c.c.  of  Oxygen  Liberated 

Percentage 
Dialyz  ed 

Uot 

L  Dialyzed 

After 

Dialyzing 

1 

Catalase 

500,  500 

495,  500 

0 

2 

Catalase 

450,  450 

455,  450 

0 

3 

Catalase 

380,  365 

380,  375 

0 

Fig.  13.     Table  showing  the  effect  of  dialysis  on  cata- 
lase. 
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DISCUSSIOII 

Tvvo  general  theories  of  urinary  secretion  have 

8 

been  proposed,  the  mechanical  and  the  secretory.  Ludwig 

9 

(1844)  v/as  the  originator  of  the  mechanical  and  Bovvm^in 
(1842)   of  the  secretory  theory.     The  mechanical  theory 
teaches  that  the  urine  is  formed  hy  the  simple  physical 
processes  of  filtration  and  diffusion,  and  thc..t  th  ie  takes 
place  in  the  glomeruli.     The  urine  thuL'  forned,  however,  is 
very  dilute  and  as  this  dilute  urine  passes  along  the  uri- 
niferouB  tubules,  vvater  is  absorbed  with  resulting  concen- 
tration of  the  urine.     Hence,   the  mechanical  theory  looks 
upon  the  glomerulus  as  a  filter,  the  pressure  of  the  blood 
in  the  {glomerular  capillaries  driving  the  urinary  constit- 
uents through  the  endothelium  oi  the  capillaries  and  the 
glomerular  endothelium  into  the  cavity  of  the  urinary  tubule. 
The  function  of  the  epithelium  lining  the  convoluted  tubule 
is  absorptive,  according  to  this   theory  like  the  epithelium 
of  the  intestine,  and  not  secretory. 

According  to  the  secretory  theory,  the  inorganic 
constituents  of  the  urine  are  elimin^xted  in  the  region  of 
the  glomerulus  and  the  organic  in  the  tubules.     This  theory 
teaches  that  the  elimination  of  the   organic  constituents  is 
a  true  secretory  process  on  the  uart  of  the  epithelial  cells 
of  the  uriniferous  tubules.     Plistologically  these  cells  have 
the  appearance  of  true  secreting  cellE  which  is  in  favor  of 
this  theory.     The  endothelial  cells  of  the  glomerular  capillar- 
ies and  the  epithelial  cells  lining  Bov. man's  capsule  are  not  fav 


— — __  .  

orable  to  the  theory  histologically,  since  they  do  not  have 
the  structure  of  true  secreting  cells.     Those  defending  the 
secretory  theory  meet  this  objection  with  the  suggestion  that 
there  is  selective  absorption  or  diffusion  in  the  glomerulus. 

No  attempt  will  be  made  in  this  paper  to  discuss 
the  large  literature  that  has  been  stimulated  by  the  contro- 
versies based  on  these  two  theories.     Suffice  it  to  say  that 
the  facts  accumulated  do  not  seem  sufficient  to  demonstrate 
conclusively  one  view  or  the  other. 

The  experiments  bearing  on  the  subject  reported 
in  this  paper  would  seem  to  favor  the  mechanical  theory.  It 
may  be  recalled  that  of  all  the  constituents  of  the  urine, 
organic  as  well  as  inorganic , urea  was  found  to  be  the  most 
diffusible.      The  secretory  theory  teaches  very  positively 
that  urea  is  one  of  the  substances  that  is  certainly  elimi- 
nated by  the  process  of  secretion  of  the  epithelial  cells  of 
the  tubules,  while  a  substance  such  as  sodium  chloride  is 
eliminated  by  diffusion  or  selective  diffusion  in  the  glomer- 
ulus.    If  sodium  chloride  is  eliminated  by  diffusion,  then  it 
would  seem  that  urea  should  certainly  be  eliminated  by  dif- 
fusion because  of  the  greater  ease  with  v/hich  this  substance 
diffuses,  as  shown  in  the  experiments  described  in  this  paper. 

Smetanka^^^  showed  the  presence  of  pepsin  in  the 
urine.     That  this  pepsin  comes  from  the  stomach  is  shown  by 
the  fact  that  this  enzyme  disappears  from  the  urine  upon  re- 
moval of  the  stomach  from  the  animal.       The  fact  that  the  pep- 
sin comes  from  the  stomach  shows  that  the  enzyme  must  have 
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diffused  through  the  cells  of  the  walls  of  the  stomach  as  well 

as  the  cells  in  the  kidney.     The  experiments  reported  in  this 

paper  show  that  pepsin  is  diffusible  while  pepsinogen  is  not. 

This  observation  suggests  that  the  passage  of  pepsinogen  from 

the  cells  of  the  gastric  glands  into  the  stomach  is  a  true 

secretory  process  and  not  one  of  osmosis  and  diffusion.  Buch- 
11 

ner  and  Rapp      showed  that  maltase  is  diffusible,  while  it  was 

12 

shown  by  Brovm  and  Morris  that  zymase  is  not.  It  was  also 
found  that  both  trypsin  and  trypsinogen  diffused  through  the 
collodion  membrane,  the  trypsinogen  diffusing  more  rapidly. 


-31- 

SUMMARY 

1.  The  addition  of  bile  to  neutral  fats  as  well 
as  fatty  acids  increased  the  rate  of  their  diffusion  through 
a  collodion  membrane,  just  as  it  increases  the  rate  of  their 
absorption  from  the  alimentary  tract.    Glycerol  diffuses  more 
rapidly  than  either  oleic  or  palmitic  acids  or  the  sodium  soap 
of  these  acids. 

2.  The  monosaccharides  diffuse  through  the  collodion 
membrane  more  rapidly  than  the  disaccharides  and  these  more 
rapidly  than  the  polysaccharides. 

3.  As  a  rule,  the  more  powerful  saline  cathartics  diffuse 
less  rapidly  than  the  less  powerful  ones.    The  conspicuous  exceptions 
to  this  rule  suggest  that  there  are  factors  involved  in  the  action 

of  these  cathartics  other  than  simple  diffusion  and  osmosis.  In 
general  the  rate  of  dif fusibility  of  these  substances  seem  to  run 
parallel  with  their  degree  of  solubility. 

4.  The  amino  acid,  glycocoll, dif fuses  more  rapidly  than 
alanine, and  acetic  acid,  a  substance  closely  related  to  glycocoll, 
is  more  diffusible  than  propionic  acid,  a  substance  closely  related 
to  alanine. 

5.  The  enzymes  ptyalin  and  catalase  are  not  diffusible 
through  a  collodion  membrane.     Pepsin  is  diffusible  while  pepsino- 
gen is  not.    Both  trypsinogen  and  trypsin  are  diffusible,  the 
trypsinogen  being  the  more  diffusible. 

6.  Of  all  the  substances  used  in  this  investigation, 
urea  was  found  to  be  the  most  diffusible. 
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